Abstract: Relationship between compression (V/V
Introduction
The equation of state of a solid plays an important role in condensed matter physics, geophysics and application 1, 2 . However, little information about equation of state (EOS) is obtained for metallic glasses, because the measurements of equation of state have been impeded mainly by the inability to prepare bulk metallic glassy specimens. Studies on the equation of metallic glasses have been secant because of the inability to prepare bulk specimen 3 . When a metal melt is cooled, one of the two events may occur, either crystallisation may take place at melting point or else melt will become more viscous below the melting point with decreasing temperature and may ultimately form amorphous solid i.e. metallic glasses. Thus metallic glassy state can be considered as the result of structural freezing of a liquid. The structure and interaction between atoms in metallic glasses are markedly different from those of ionic, covalent or metallic crystals.
The BMG alloy is composed of five-six metallic components with large size difference in the atomic diameter and the glass from point of view of microstructural is considered as a frozen under cooled metal melt, thus the atomic arrangement is random close packing and the existence of free volume. However, The understanding of pressure effects on BMG's are still remain on a very qualitative level because of the lack of the qualitative properties of the compressed metallic glassy state under high pressure.
The derivation of equation of state of a thermodynamic system is based on the fundamental theorem which equates the negative of pressure to the isothermal volume derivative of a Helmholtz free energy function F 4 . The function F consists of two terms in case of solids, the first of which represents the potential energy of a non vibrating lattice, while the second owes its origin to the pressure of the thermal vibrations.
In 
Formulation for equation of state
An equation of state can be derived from the volume derivative of lattice potential energy 5 ,11
where W for an ionic crystal can be written as the sum of electrostatic energy and short range overlap repulsive energy
When we use an inverse power form for Φ, such as (aV -n ) we get the Born-Mie equation of state after eliminating the parameters " a" and " n " in terms of isothermal bulk modulus (K 0 ) and first pressure derivative of isothermal bulk modulus ( ' 0 K ) at zero pressure. Thus, the Born-Mie equation of state 5 becomes:
Vinet proposed a EOS on account of relating binding energy with inter atomic distances known as Vinet EOS 6 , which may be expressed as
On the basis of Born lattice theory 12 taking the volume derivative of short range force constant, Shanker obtained a equation of state known as Shanker EOS 7 which are as 
K 0 is isothermal bulk modulus and ' 0 K is the first derivative of isothermal bulk modulus at zero pressure. Using the free volume formula 13 for the Grüneisen parameter γ and assuming that the Gruneisen parameter γ is proportional to volume, Brennan and Stacey obtained an EOS 9 which is given as ( (
A simple EOS based on assumption according to which the isothermal bulk modulus K T depends linearly on pressure i.e.
Murnaghan gave an equation of state known as Murnaghan EOS 8 which can be expressed as
Poirier and Tarantolla 10 derived an equation similar to Birch EOS but define strain as Є= log(l 0 /l) rather than Eulerian Strain f=1/2[(V/V 0 ) -2/3 -1] used by Birch and give an EOS as
Results and Discussion
The pressure have been calculated at different compression ranges (from V/V 0 =1.0 to 0. Fig. (1-4) ], where as for SiO 2. TiO 2 glass appears complex characteristic [ Fig. (5) ]. The different responses to pressure of silicate and metallic glasses are due to completely different structural characteristic of BMGs (random close packing atomic configuration) and oxide glasses (continuous-random networks ). Oxide glass is a covalent-bonded glass with a significant spread in Si-O-Si bond angles. Under high pressure, the change of the bond angles between atoms in oxide glass leads to negative pressure-dependent velocities. For BMGs with random close packing atomic structure, however, the nature of metallic bond is retained in the BMGs, although atomic long range order is lacking. In the transition process from the glass to crystalline state, there is no significant change of the nearest-neighbour atoms and the distance between atoms. However, the small change of the volume can sensitively induce changes in the electron configuration, atomic interaction force and the relative flow between atoms. So BMGs have a large shear modulus change upon crystallization. Another remarkable characteristic is observed that the variation in value of pressure from compression range V/V 0 = 1.0 to 0.4 are minimum but as the compression increases, variation in the values of pressure also increases. Pressure P vs V/V 0 relation for Zr 41 are almost same with slight variation upto V/V 0 =0.5 but as the compression increases, variation in pressure gradually increases and after V/V 0 =0.3 it increases abruptly which is crystal clear from the Fig. (1-4) . Table 6 . Calculated values of pressure (P) in GPa as a function of V/V 0 at different compressions using different equation of state from equations (3-8) for bulk metallic glass "SiO 2 .TiO 2 " V/V 0 P (Gpa) Born-Mie EOS (3) P (GPa) Brennan-Stacey EOS (6) P (GPa) Poirer -Tarantola EOS (8)
P (GPa) Vinet EOS (4) P (GPa) Shanker EOS (5) The Poirier-Tarantola proposed a equation of state derived using Hencky logarithmic strain 15 equivalent to the Eulerian strain for small strain and better behaved for large strain. The reference strain is neither the initial nor the final configuration, but the instantaneous configuration of the body being deformed. In uniaxial deformation as the instantaneous volume (V) of the body is increased by an infinitesimally small increment dV, the ratio (dV/V) is considered as an increment of the current state of strain dE=(dV/V) When the solid goes from volume V 0 to V the total finite strain or normal strain also called the Hencky measure of strain.
E H =(1/3) log (V/V 0 ) It has been observed that Hencky strain is as a function of the ratio (V 0 /V) and in this way what we find that as the compression increases this potential deviates from other potential and successively it shows a pseudo linear characteristic in Fig. (1-4) . In SiO 2 .TiO 2 glass (Fig.5 ), the three potentials shows linear characteristic where two potentials Vinet and Poirier-Tarantola EOS shows non linear characteristic. The conclusion is very interesting and it requires a critical and comprehensive study for further research work.
For comparison, the compression against pressure curves of Zr, Ti, Cu, Ni, Be and C (16) are also plotted with their corresponding BMGs, displayed in Fig.(6-7) . The compression curves of all the BMGs are interposed among their metallic components, e.g., the compression curve Zr-based BMGs are interposed among their components Zr, Ti, Be, Ni, Al and Cu. This indicates that the compression curves of the BMGs have a correlation with that of their metallic components and exhibit a roughly average result of these elements. The compressibility of a solid is determined by the nature of the interatomic potential and the atomic configurations and thus afore mentioned results imply that the short-range order structure of the BMGs has a close correlation with the atomic configurations in their metallic components. Also the BMGs exhibit small volume changes upon pressure compared with oxide glasses, indicating that the BMGs have similar atomic close-packed configurations with elements and markedly different microstructure and properties from oxide glasses. 
